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g- gjj ^gj^vfl^ 3j7]3fr*Hj jHjj g^flj -fr7]#j- gg-gH jHjTgjr 3 

ofl^ ajtfl 0.22 mA^l $.7) IH^S^, <S^-5- A}-g-<£ 

C0Dcr-8r ^cfl 1900 ppm«1M 55 ppm^l ^^l^. <£} .g. # *1 <3} JL#^ sfl^ ^ff-sf 

£ 1 

^# ^s^i, Kfl^el, ^ishh Afl-g- 
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^ 3l^e|-g- M^^l* *r-8-tr $&<&3.&x] {A Biofuel Cell Using 
Wastewater and Activated Sludge for Wastewater Treatment} 

£ l£r ^11 3^r°-S A^sj-ZL, <#^4 -g-^" ^ °)*# €"3*Hr °oH^ 

^ ^|£)fe ^ COD^ ^* ^ifl^- neflii . 

3). ^^sq^ ^s_ > ^ ^ COD^ 7 n V if ZLBfl^. 

2f t^^fe ^f- ^ CODS] ^-b^tt ZL2flS. 

£ 5tt £ ^ofl ^#<£s*I*HH ^SJ-S n^r^- &7]^ ^ei^ll- o]-g-tr 

^sq^r #fr, ^ COD^ M-E}vfl^ ZLEfl^. 



o 
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["V^ A^] 

g- jj-^jr Aj# <3g.*UH) gjj; ^H^h CH- .g. 

^-7ll-# ^-B-Bffe ^1^1- ^el^A-j #71-1- ^ ^ -R-7l#^- <2iL3L 

^7) oflui*lJL ^ #«-A]5Q ^ 5a ^ ^# <3^.*1*H ^o)cf. 
^# i&fe ZLS] A>-g-«H °1H*1 <^HH 

*}^r ^l^l 7lH^ ^A]^ rtfl t^S]^ ^71 3^1-717] ^ *1H 

tfl^s] ^# M}£.^ ^ oio| nlx§^3]. 3 

^>o] ^l^^o] JZ&O} o]=o]^ ^ ^]-g. ^ufljg. A}-g-^- 

s^^c^ *lcf. ^^Ol S - ^1^-Ajol 7^ ^Tfl nV^. 

(Roller)^] ^.g f//-f ^ ^-7f-Ej^ {Proteus vulgaris), ( 
Escherichia coJi), ^^Bf^ii)^ (Al call genes eutrophus) , oJ-^M^-Bj 3. 

Uzotobacter chroococuni) , tij-^ej^ ^jM^Bj^i {Bacillus subtil is) -f-ir A > 
-g-*}Jl, Q?\ ^ ni] 7 p-ll5.Ai tq_£.\l(thionine), ^1131 1-?- (methylene blue), J=Ll 
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e)»]E -g-«. (briliant cresyl blue), HB^ a]-§:3.3! (benzyl viologen)^^- *8 

Roller it., 1984, Journal of Chemical Technology and Biotechnology 34B: 3-12]. 
<io> ufltils. (Bennetto) ^£ <£5.S a>^-*>jl, £Se]]-^a (Proteus) ^ 4"5-ir 

© (Coulomb)^ €-n-# ^SrSa^f [% V S: Bennetto 1985, Biotechnology letters, 

7:699-704]. 5. Si (Robin) #*fl3.*1 S^Bfl-f^ l-7>^^ (Proteus 

vulgaris), &k *Vm^ Sfr°l = ^l-l,4-q-SS¥lfc 

(2-hydroxy-l,4-naphthoquinone: HNQ) , <&S.S. S.S.^ *>-§-*H 0.5 mA, 0.7V 2] 7}Q 
<?§£.3l*l# ^p-^^r^cf Robin ^ . , 1993, Applied Biochemistry 

and Biotechnology 30/40:27-40]. iE*h ^^^^r ^^(Harberman and Pommer)£ 

O ^V*>^ W^i* <£l^5. ol-g-s}^ nM^ 0 } cuf # 150 mA (150 mA/cnf)^ 

31^* ^^rSl^f^ ^.Jl^l^cf Harbermann and Pommer, 1991, Applied 

Microbiology and Biotechnology 33: 128-133]. 
<11> 2)^1 ^<$9l $}2*i 47} 67} -f H}^-, 67> #S]j±<=fl ^H^-g- 

^^r^^ ^-^h °H|H<h = tsfl^J, ^S-g-^S] ^1« 0 > 
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-f-^ « 0 >^ sJ-tM" Lovley and Klug, 1990, Appilied and 

Environmental Microbiology 556: 1858-1864]. %7]^ <flM*l tflA><q s-^ofl nj. 

*IM€ [Fe(III)], aR>5^#, 0^0.^, ^r'oH 

o]^o] &°-3. ^o>^14ji ^B^SM [^: 

*H#^2j*r, 6 }?HH*H, 1995]. 

<12> £^$.^3, °]-g-*Hr ^o]^ ^#o] -i-ofl cfltt -§-*fl£7> nflo.. 

%7}s§ ^ofl^ afl^r^ *fli ^^Hl A>o] £ 3l-^ 65% ^£7} «fl^l£]o] Afli 9J 

^1^ ^7l#2] XJ-fJ-S. A-fli «VO S ^Hl °)-&4r M}2. i?H 

^ #€*>fe &4 Myers and Myers, 1992, Jounrnal of 

Bacteriology 174: 3429-3438]. 3E*h ^#€^15^1 ¥M #/-£?W <£/^ ( 

Shewanella putrefaciens) IR-1^8: ^^15. ^ SEfe ^if ^ 
^7pl)^o] t^-m. + oit}^ ^jr: jijisloi^ [^-3.: p ark 1996, 

Abstract, I&EC Special Symp., Sept.: 16-19]. 

<13> ^ -fr^^r 3^1^ ^£2] H-tr f-fr^" ^ , D]^ 

°1, ^1 (phosphorus) :*fl7]*fl5. ^^MM^ (Ferric hydroxideH ^]~g-£]7] nfl^-oi] ^ 
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Ledecke f-., 1989, Water Sceience and Technology 21: 325-337]. , XH^ # 

€ Afl-e-^Sr ^l^i^l^ *^ ^*H*H ^ti*H Nielsen f-. , 1996, 

Water Science and Technology 34: 129-136], *H3£al*]^ ^tr XH€ 

^e]x]o) ^ 7 ]^ #tfl<HH ^^uL, 45-°] ^^flW^i li^tr w> 

Rasmussen . , 1994, Water Research 28: 417-425]. 
<h> ^r7]S., ^e]^m ^ofl ^*fl*H= cf^tb °i A s#-a- ^-^-^ 

«]: "J^l *^ #^fl*>^ ^3*^ ujAj-g- ^.^71^-^ * 

© *H ^ ^*Jf±S^ n^r% 3JS**MM ^AV^- ^ 

<i 6 > Str, l^^l ^-^^ 31^4 %^ ^*H4 ^7l3*«H 7>^1 n]^l-g: 

<17> # 7 ] ^ 0^34 ol§ ^ 0.^.0] ^ £ nfl^, ojs. - ^ 

A}ojo] o]^ J2#ovo_^ ol^^]^ ^# ^S-^HH, ^ ^$)o\) ^ #^^S] 
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^^^.jjflS. A}-g-*M ^^\7\] %£L3.»\ n°^s\7\] £4. 4 

<20> £ l£r ^# ^^l^ T 1 ^* M-^TT 7fl§*£olcf . 

<2i> <£^L*l*l£| 0 o^ ^ -§-^\°3.fe (graphite 

felt)7> a>#^ ^ 5a^, HL^b, <3jl3*1 *Mfl3 *\^-$r ^r±^}7}7] #n °<M£r H 

50 mM ?H w>^*>4. Hil*, <8=^£ *7ll- £4^.6 S 

l^^ls -fi-*l*}3i, -g-^ 7}+Sl^^t #4^1 *H *fl7^ ^ 

<22> Aj. 7 isq. ^7]^ s^^l 4*fl *IIt= £ ^*H1 ^fl^Hr 
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7} *H-§--&°l tflA>*>jL, oi5.o]efl l^slTr 3^4^ ^-§-°fl °l-§-*H ^* 

^AlJg ^ o^cf. HL*V, o|e^ nfl^ ^ -a-7l#l-ol ^-3H|<£3 

^A}^^*], ^ -8-711- ^-£7} ^-^>7llS)<H *l)*r JL41" ^ 5^ 



JS^-nV^- -f-JZ^H , <#^rSLS. A>^ S ^5\-5± <j\6ft*\ Tfl^ 

^91 ^ 7l-^^>7fl &t\.. ojnfl, <$=L<q ^ Jr 7 j^ 0}^l-*ofl 

-fr7l#*^- cflA}3g_o5.*] C0D7> 91^. ^4^1, °l^tr ^°\) 

2f SOB ^]^# ^Ajofl ^ olCf. 
<25> <^A]^1 1> 

<26> ^jAlojHH^ ygx$6\] £x)c%*\ t ^ofl ^fl^Rr 

l^T ^K^l^ °]-g-^Br **H^3 ^5h» ^*r£4. W^l^ 

71^-aflx] (PBBM)* ^-g^^o. , *fl*l-$€-fr 1 g/L, <g s^JE.^ 1 

g/L, Macro-mineral (II) 25 m*/L (1 L t 6 g KH 2 P0 4 , 12 g NaCl , 2.4 g MgS0 4 -7H 2 0, 
1.6 g CaCl 2 -2H 2 0 « v ), ^1^^ 2 mt/L (12.8 g l]S^H]^, 0.1 g FeS0 4 -7H 2 0, 
0.1 g MnCl 
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2-4H 2 0, 0.17 g CoCl 2 -6H 2 0, 0.1 g CaCl 2 -2H 2 0, 0.1 g ZnCl 2 , 0.02 g CuCl 2 -H 2 0, 0.01 g 
H3BO3, 0.01 g -§-3*31^, 1.0 g NaCl, 0.017 g Na 2 Se0 3 0.026 g NiS0 4 -6H 2 0), «lEfn]*» 
0.1 ml/L (0.002 g fl-2.fi, 0.002 g 0.010 g B 6 (^^=-^l) HC1 , 0.005 g Bi(^o> 

^1) HC1, 0.005 g B 2 (e)^.#2f«l), 0.005 g ^3^tK^ 6 W), 0.005 g ^S.3Rr, 
0.0001 g B12 (^r^l^J) 0.005 g PABA, 0.005 g Bl£*i (El^J), 31*} 

^ (0.2 %) 1 vA/LQ tr^-g; 1.8 % ^7HH ^ y fl*l# ^)^\^. 
<27> ^l*}^*^ 6}^)ea> 20 mM, 3 4b 30 mM, 20 mM* *}-g-*}53 o_n} , #7}^ 

%t°l sf\3.£.2i$lo]m. (Ferric pyrophosphate) 20 mM* ^>-§-*>^cf. 

(0.8 % i-g-lO-S. sH^H CFU (Colony Forming Unit/ml)» ^*}$J1, 2x}2[ 3*}*\7] 

*h§-^ i7flW ^^tb tifl^l^f U-'S^.s =l ^Mr.^}y) S. l°fl M-Bf 

<28> 1] 





(mM) 




1*1" 


2*1- 






<>MltK20) 


ail 5} S|3.£>i*IMm(20) 


2.8 >40 7 


0.9>40 4 


5.1>403 


3L£«3-(20) 


sfle^ a)^.i^2flol E( 2 0) 


8.0 >10 7 


1.3>10 5 


4.2>10 4 


3^(30) 


Sll^ 3jSS^2)l°lM(30) 


6.4>40 7 


1.1 W 5 


4.1>10 4 


171^ *e1*l 






3.6>i0 5 


5.4>40 5 . 


1.5H0 5 




5) 5.^^211 olE( 20 ) 


2.1>405 


8.4>40 5 


1.4>40 5 




3)^i^5ilo]E( 20 ) 


1.7>10 5 


1 . 5 >40 5 


2.3>10 5 



<29> #71 & lofH ° s v *r wf^f 17]^ <3iL#*l^ -g-q- JjL^ 
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<30> <AjX|o]l 2> 

^ 3171^ ^e^I (#^: #<#7$m^?$cj\ ^^l^^-g- <£&)*1, cfltb 1 ?!^- 

350 rag^ ^^^2]it ^-g-^VS^. °o^^ «5-tt 50 mM «?RV<g 

^>^i, <$^z\- -g-^ <#o]£- m^Kg; A]~g-*H ^^r^. °<H^ *fl3Hlfe 

<*l a]~§-<5}53 cl^ , # aV-g-e^a- 25 m£5. 3]*r -fMl-g: 

(2000 multimeter, keithley Instrument, Inc, USA)* * r -8-«H 120^ Q^^S. ^f>\ 

3 (C0D)£- Standard Method for the Examination of 

Water and Wastewater, Closed Reflux Method, 193r, 1995) -i: ^>-§-*r<*l -g-^^^r. £ 
2^Ai ^.^ v}<% ^o], *} = 7 > 0.21 mA?}*] TQ-^yaJL, ?#^£r 26.5 C (coulumb)?} 

21-12 



1019990027168 



2000/3/23 



*1 ^7}^^, sK v ^ &± ^- z t l ^°) 1100 ppm<M 58 ppm-O^. #±*}3Xr\. °] ^ 

<32> <^Al^l 3> 

^fl)* ^1-8-^ ^l^JL^HH ^A>^4 311^5^1- Al^*>^C}. ^iL^A]^ ^ 

• £4 £^£r <S*H 132]- ^^l}. 

< 34 > *$7}s§ 1:4 A>-g-^>^^ ( 

# ^-S-^ 25 m£S *>5icf. £ 3°1H ^ ti >^ £<>1, 0.22 mA^H 

31, f-f-^ 26.7 C (Coulumb)^H ^7}^ , S}-*^ a]-^ A^-^o] 1,940 ppm olH 
55 ppm-^S. #^}53^. ccJ-eH , o] ^ ^^j^o] 7 l^o] nfl ^ 

© <35> £ ^r^ofl ^#<S-S- #*HH ^>-§- ^ n]^ # ti fl o o i: 

(S-4100, FE-SEM, Hitachi, Japan)^ Af-g-^H €^*H H ^^1- 
«- £ 6°fl £ 6 4| i4E}^fl ti}<4 ^o}, #71^<§M #a^ ^ Dl^l-o] 

<36> <^Alc4) 4> 

<37> *J*H*IM*r Sfl^S ^AJ.^|^ (# ^ : Oj-AV^A^ tfl*V^ OlAj.^^)^ tfl^j^ 
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i 

a>^4 ^l^^^l- Al^*>^cf. <g5.^^1^ 2:^-2}- -gr^^r -a AH 14 s.^^>^rf. £ 
4<HH ^ ti}^ ^^HH^^r 0.21 mA*W ^HS^S^, 12 C 

(Coulumb)*W f7}5}^o.^, -tMiJl^£r 1,030 ppm<*IM 350 ppm-^S. 

© <38> <^Al<^l 5> 

<39> ^l^H^ir n^r (#^: ^^71^^^ o^S)* 

^#<3£.#*HH ^"g^A ^t)*}5S^. ^ ^ 

4J*H 14 -i-^^^i^. £ 5<HH ilTir w>4 ^o], ^^e^ 0.05 mA?}*l 
*H3*}£^, 2.3 C (Coulumb)^l ^7K>£^ , 5)-*)-^ ^^.^^^ 680 ppm 

250 ppmiL^ ^^VS^. °1 -S^-fe **fl ^5)-^ Bfl 7l^o] ^^nfl ^ 

*H ^l^r* ^^H^ *r Si 4. nH^H, A S# £3.31*1^ £3.3. cf°d=^: *fl*Hi 
% + , ^7l cHl M ^1 ^ £ ^l^r ^e]^ I4t -S^H <g* *r 5^. 
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[^t 1 * 1] 

2] 
3] 

*m &7}^ nV-i-Jl, ^q-ofl^ ^7l# <^^^ XsH&Efll- 

^l^r ^ <t^*H ^fl^Hr ^7l5|-^ ^ ^ tiflo o ^]. J1> afl oj:^ 

^15^- ^°H^ ^}-§-^L, 3]^ o]-g.^-o.^.*| ^ 
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[5L 3] 



p © p p p 

O N> O* 00 




21-18 



1019990027168 



2000/3/23 




21-19 




2000/3/23 



5] 

o p p p p p p p p 
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